Two different modes of fast resonant extraction are used at the SPS: non-coherent half-integer extraction with a spill duration from 1 ms to 3 ms and coherent half-integer extraction with a spill duration from about 70 ps (two 23 ps bursts separated by a 23 ps interval) to 1 ms. A special requirement is to stop a 2 ms spill after extraction of part of the beam. The remaining beam is then accelerated to higher energies and can be extracted by any of the other extraction modes in operation at the SPS. The duration of a coherent spill is generally adjusted by choosing a suitable strength of the fast ferrite kicker which kicks the beam into the unstable region in phase space after it has been brought close to the resonance. The shortest coherent spill was studied in some detail. Excellent agreement was found between theoretical predictions and measurements.
Introduction
During the construction of the SPS, provision was made for a 2 ms spill-out of the full beam by installing a fast half-integer scheme. This scheme was successfully run during the year 1977 for wide band neutrino physics. An entirely new requirement had to be met at the beginning of 1978 when it became necessary to stop the 2 ms spill after extraction of part of the beam and to re-accelerate the remaining protons for later use in the machine cycle. Two different methods to stop a fast spill were developed and are described in this paper.
In the first year of SPS operation fast extraction using ferrite kickers was run for narrow band neutrino physics. This extraction allows a maximum burst duration of 23 ps. While the intensity of the accelerator increased gradually up to 2 x 1013 ppp during 1978, the need was felt for longer bursts of a duration of some 100 ps. The only practicable way to produce such a burst in the SPS is coherent resonant extraction. This mode of extraction was first reported by FNAL(M). Careful tests of both, coherent integer and half-integer extraction were made at CERN before the second scheme was successfully brought into operation.
Fast non-coherent half-integer extraction that of the extraction quadrupole. A proton whose amplitude has grown sufficiently will enter the first deflecting device of the extraction channel(2), an electrostatic septum. The two-turn amplitude growth at this septum is largely determined by the strength of the extraction octupoles and is normally set to some 13 to 15 mm, the distance of the stable fixed point from the septum being about 25 mm.
The octupoles are installed in such positions that they find themselves slightly upstream of the maxima of the two-turn closed trajectory of the unstable fixed points. This results in a good straightness of the outward going separatrices, the trajectories in radial phase space along which protons move towards the eletrostatic septum after having been spilled out of the stable area. Usually, the extraction octupoles are powered t3 give a total strength K of about 300 m-2 (i' -K i with all units normalized to Bmax)
With the above procedure spill-out starts between 2 and 3.5 ms after the trigger of the fast pulsed quadrupole, depending on the capacitor charging voltage (maximum 3 kV) and on the radial chromaticity (Av/v)/ (Ap/p) of the SPS at extraction time. The The stopping device (the second quadrupole or the fast turn-off thyristors) can either be triggered at a fixed time or by an external signal derived from an intensity detector. The second trigger method guarantees good cycle to cycle stability of the amount of residual or extracted protons depending on the detector which is used. It suffers, however, from the 600 pis delay between the time at which a proton becomes unstable in the resonant process and the time at which it leaves the accelerator. With this trigger method the residual intensity is therefore limited to a maximum of about 50% of that of the initial beam.
Performance
The properties of both, the fast resonant extracted beam and the residual beam, were carefully investigated with sharing ratios in the range from 5 to 95%. If only a small fraction of protons is extracted the shape of the fast spill becomes slightly unsymmetrical. All During the first months of 1978 a residual beam of some 3 to 5 xlOll protons was required with the SPS running close to 1 x 1013 ppp. This small residual intensity was4in general, stable within + 1 x 1011 protons.
As it economizes a quadrupole with its pulse generator, only the second method to stop a fast half-integer spill will be used in future SPS operation.
Coherent half-integer extraction
Both coherent integer and half-integer extraction were carefully tested in the SPS. Coherent integer extraction has the advantage that protons are spilled out on every turn and not on every second turn as for coherent half-integer extraction. However, the integer scheme installed in the SPS turned out to be less suited for coherent extraction. The achieved spill duration, corresponding to four or five SPS revolutions, could practically not be varied and the angular spread of the extracted beam at the electrostatic septum was rather large. It was therefore decided to only use the halfinteger scheme in regular operation.
Method
Coherent half-integer extraction is done as follows: First a non-coherent spill is set up as described earlier in this paper. The radial chromaticity of the accelerator is corrected to be zero around extraction time. This guarantees the same shrinkage of the stable area in phase space for protons of different momenta. When the beam is close to the limit of stability, it is kicked into the unstable region by a fast ferrite kicker installed a quarter wavelength upstream of the electrostatic septum. The protons start coherent betatron oscillations with rapidly increasing amplitudes. After two or more turns in the SPS they begin to enter the extraction channel and proceed to spill on every second turn until they have all left the machine. "'r -116~
The spill duration is essentially determined by the strength of the fast kicker. The intensity distribution within a spill of more than 200 ils duration is roughly Gaussian, but somewhat unsymmetrical as shown in Fig. 5 . For spills consisting of more than three 23 Us bursts, the density distribution of the extracted protons at the electrostatic septum and therefore the extraction losses are similar to those observed for non-coherent extraction. For shorter spills the proton density at the septum is slightly different, resulting in a moderate increase of losses. A characteristic distribution measured for two-burst coherent extraction is shown in Fig. 6 . 3230 
